Experiment
We filled our 2-L stainless steel sampling canisters with whole air from beyond the laminar boundary layer of the aircraft and pressurized to 40 psi employing a two-stage metal bellows pump (Parker MB-602XP).
Approximately 140 samples were collected during a typical 8-hour DC-8 flight, and 120 canisters for each 8-hour flight aboard the P-3B. These samples were obtained roughly every 3-7 min during horizontal flight legs and 1-3 min during vertical legs. The P-3B typically flew at low levels (0.1-7.5 km) whereas the DC-8 operated at higher altitudes (5-12 km) with occasional excursions into the boundary layer. During both horizontal and vertical flight legs our sampling duration was a minimum of 8 s at low altitude (150 m) to -• 80 s at high altitude (11 km). Sampling time during horizontal legs was usually adjusted to be -• 1 min, corresponding to an approximate sampling distance of 8-12 km. Typical vertical sampling distances were 300 m for the DC-8, and 150 m for the P-3B.
After each flight, the filled canisters were transported to our laboratory at the University of Califomia-Irvine (UCI) via courier for analysis within 10 days. Each sample was analyzed for more than 50 trace gases comprising hydrocarbons, halocarbons, and alkyl nitrates [Sive, 1998 One thousand five hundred twenty + 1 cm 3 (STP) of air was preconcentrated on glass beads in a liquid nitrogencooled stainless steel loop, warmed, then helium carher gas flushed the contents of the loop to a splitter (Valco Instruments, 1/16" manifold 1 to 6 ports, 0.75-mm inlet bore, 0.25-mm outlet bore, with one outlet port capped off). Here the sample was split and directed to five different gas chromatographic columns via Silcosteel tubing (0.28 mm I.D., Restek Corporation). With the exception of the megabore PLOT column (see later), which had a 2.5-cm-long piece of 0.1-mm I.D. fused silica tubing installed to restrict the flow, the relative sample amount passing through an individual column was dependent primarily on the column inner diameter. As long as the specific humidity of the injected air was above a certain level, the split ratio was always highly reproducible during PEM-Tropics B. We ensured sufficient sample humidity by adding 1.3 kPa of water to each evacuated canister just before it was sent out to the field. We monitored the split ratio by comparing the calculated mixing ratios for selected compounds that give large signals, have good chromatographic characteristics, and are quantified on multiple detectors, typically CFC-11 and propane.
The unique separation and detection characteristics of each of the five column-detector combinations employed during PEM-Tropics B were optimal for a particular subset of NMHC or halocarbon gases, and in combination provided a comprehensive suite of trace gas measurements. The first column-detector combination (abbreviated as "DB5ms/MSD") was a DB-5ms column (J&W; 60 m, 0.25 mm I.D., 0.5-[tm film thickness) output to a quadrapole mass spectrometer detector (MSD) (HP-5973).
The The precision of the measurements varies by compound and by mixing ratio. For example, the measurement precision for the NMHCs is 1% or 1.5 pptv (whichever is larger) for the alkanes and alkynes, and 3% or 3 pptv (whichever is larger) for the alkenes [Sive, 1998 ]. The precision for CFC-12 at 550 pptv is +3 pptv, while that for methyl iodide at 0.05 pptv is +0.01 pptv. The limit of detection (LOD) is 3 pptv for the NMHCs and 1 pptv for DMS. Although the LOD is different for each halocarbon, the halocarbons that we report are usually present at mixing ratios well above their detection limits.
Fast response in situ measurements of CO were made spectroscopically using a folded-path, differential absorption, [Rudolph, 1995] . Figure 2 and Table I show that north of 10øN, absolute mixing ratios of ethane, ethyne, and propane, were significantly higher for the lower two altitude ranges during PEM-Tropics B compared to PEM-Tropics A. Mixing ratios of C2C14 and CH3C1 were also significantly greater during PEM-Tropics B at low altitudes, but only slightly higher at mid altitudes. During PEM-Tropics B the westerly transport of this pollution was strongest below-5 kin. As outlined in the discussion of continental outflow of trace gases above, the air masses seen at low altitude typically had high-latitude origins during PEM-Tropics B. This is consistent with the seasonal accumulation of NMHCs and C2C14, which have long winter atmospheric lifetimes at high latitudes [e.g., Penkett et al., 1993; Wang et al., 1995] . By contrast, the timing of PEM-Tropics A coincided with the seasonal minima for these gases and encountered very clean air masses in the Northern Hemisphere (Table 1) The vertical profiles in Figure 2 for the latitude range 10øN-5øS reveal mixing ratios above -5 km for the NMHCs, C2C14, and CH3C1 that are similar for both PEM-Tropics A and PEM-Tropics B. The average values in Table 1 Table 1 show that near the equator there was almost no enhancement of propane, and only slight enhancement in ethyne, during PEM-Tropics B compared to PEM-Tropics A, even at low altitude. Plate 2 further reveals that for the latitude range 10øN-5øS the slopes for the correlations between ethyne and CO, and propane and CO are very low during PEM-Tropics B. Both NMHCs have atmospheric lifetimes significantly less than CO, so their mixing ratios would decrease faster than CO as the result of photochemical aging and mixing. Therefore these observations indicate that the low altitude air in this region was significantly aged.
The aged nature of this equatorial air makes it extremely difficult to pick out any continental signature such as those described above, so we were unable to determine a likely specific continental origin for these air masses. All that we can state at this time is that they retain enhancements of urban and industrial emissions (such as ethane, C2C14, and HCFC-14 lB), which are characteristic of the Northern Hemisphere. Table 1 reveals 
South of 10øS

Latitudinal Gradients
The vertical profiles shown in Figure 2 for ethane, ethyne, propane, and C2C14 exhibit a much stronger latitudinal gradient during PEM-Tropics B than our observations made in late August to early October for PEM-Tropics A. For example, the mean mixing ratios in Table 1 (Table 1) . Table 1 shows that during PEM-Tropics A the midtropospheric mean value for ethyne in the Southern Hemisphere of 70+42 pptv was higher than the Northern Hemisphere value of 37+31 pptv. By contrast, the Southern Hemispheric C2C14 mean values were significantly lower than observed in the Northern Hemisphere. This observation again highlights the relatively large influence that Southern Hemisphere biomaas burning emissions played in the spatial distribution of trace gases during PEM-Tropics A compared to PEM-Tropics B.
Conclusions
The PEM-Tropics B interhemispheric gradient was much stronger than during PEM-Tropics A. The different air masses observed over the North Pacific frequently were associated with distinct source regions and photochemical conditions. Flow from the west brought air containing mixing ratios of trace gases that were significantly higher than reported for PEM-Tropics A. These pollution levels were most elevated below • 5 km, and many 10-day backward trajectories originated over the Asian continent. Above about 1 km these air masses contained chemical signatures characteristic of biomass burning and emissions of Halon 1211 associated with de:'eloping nations. These backward trajectories typically originated over southern Asian regions. By contrast, air at the lowest altitudes often originated from higher northern latitudes and had characteristics of emissions from developed nations such as Japan, northern Europe, and North America.
We frequently observed penetration of aged Northern Hemisphere air into the Southern Hemisphere at low altitude to about 5øS. However, the influence of biomass burning on the trace gas composition of the majority of the Southern Hemisphere was very much diminished compared to PEMTropics A. The westerly position of the SPCZ during PEMTropics B also appears to have contributed a barrier to transport of such pollution from the west. Therefore the conditions encountered over the South Pacific during PEMTropics B were considerably more characteristic of the minimally polluted remote marine environment, providing a background with which to compare and quantify future human induced changes.
